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Abstract. 10 ISA Brown hybrid hens, 53 weeks old, placed in individual cages, were killed by 
administering iv a T61 solution at 10 different times after being deprived of food. After that the 
digestive tracts were ligatured and segmented into 9 parts: ingluvies (ING), stomach (proventriculus 
and gizzard) (ST), upper duodenum (DP), lower duodenum (DD), jejunum (JEJ), upper ileum (PI), 
lower ileum (ID), ceca (CEC) and rectum (R). In order to determine the MRT of the dry matter in the 
segments of the digestive tract by the technique of continuous administration of the marker 
simultaneously with the total collecting of the digesta from one segment, the hens were fed with 
combined feed with a supplement of 0.1% Cr2O3 used as marker. The results showed that the average 
value of the MRT in the small intestine was of 185 minutes; the steady state of the marker is kept for 2 
hours and 45 minutes after the limitation to the access to food, i.e. for the T1 – T7 killing time, but it is 
not valid for the hens killed during T8 (3 hours and 45 min.), T9 (5 hours and  45 min.) and T10 (7 
hours and 45 min.). 
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INTRODUCTION 
 
Gallus domesticus (domestic hen) who lay long clutches (series of eggs laid sequentially 
before a “pause day”) is a high-producing, strongly-calcifying eggs; the daily transfer of 
calcium is about 10% of their total body. In this condition, the intestinal absorption of calcium 
is very important and the retention time of digesta in different segments of gastrointestinal 
tract influence this transfer. 
MATERIAL AND METHODS 
 
The experiment was carried out on 10 ISA Brown hybrid hens, 50 weeks old at the 
beginning of the experiment and 53 weeks old at the time of the killing. 
The hens were placed in individual cages. They got water at libidum. 
In the morning at 0700h the hens were supplied with granulated combined fodder for 
ad libidum access. The food was withdrawn during two periods: from 0830 to 0930h and from 
1000h to 1200h. The goal of the feed withdrawal was to ensure feed intake from 0930h to 
1000h. 
To determine the MRT of the dry matter in the segments of the digestive tract, a 
marker - chromium oxide (Cr2O3) - was added to the feed, in a proportion of 1g/kg combined 
fodder. The combined feed supplemented with chromium oxide was given to the hens for 5 
days to ensure the steady state of the marker in all segments of the gastrointestinal tract. 
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From the 6-th day of the experiment, for 2 days, samples were taken to measure the 
digestibility for each individual. During this period of time both the individual feed intake and 
the feaces/hen/day were measured.  
On the 8-th experimental day the feeding trough was closed at 1500h. 
On the 9-th day at 0700h, 100g of combined feed/hen was administered and after that 
at 0830h the feed was withdrawn from the trough, and the remaining feed was weighted 
(NCR 1) for each hen separately. At 0930h the NCR1 was given to the hens and at 0945h it 
was once again withdrawn from the troughs and weighted. 
At 0945h at the T1 the first hen was killed: the other hens were killed at different times 
according to the following table (table 1): 
Tab. 1 
The killing order of the hens 
No. Time of killing Time 
T1-T10 (min) 
Hen 
1 0945h 0 G1 
2 1000h 15 G2 
3 1015h 30 G3 
4 1030h 45 G4 
5 1100h 75 G5 
6 1130h 105 G6 
7 1230h 165 G7 
8 1330h 225 G8 
9 1530h 345 G9 
10 1730h 565 G10 
 
The hens were killed by with an iv T61 solution injected into the left axillary vein 
ensuring thus a rapid death without provoking the excitation and the increasing of the 
digestive motility which would determine the flow of the digesta into the digestive segments. 
Immediately after the killing the digestive tracts of the hens were segmented into 9 
parts, with hemostatic clips and double ligation with the surgical thread to prevent the post 
mortem flow of the digesta from one segment to the other (fig.1). After the ligature the tracts 
were removed and frozen. 
 
 
 
Fig. 1. The segments of the digestive tract separated by ligation. 
ING-ingluvies, ST- proventriculus + gizzard, DP- upper duodenum,  
DD- lower duodenum, JEJ-jejunum, IP- upperl ileum, ID- lower ileum, C – ceca, R-rectum. 
 
All these procedures were carried out within 3 minutes. The following digestive tracts 
were the result of the ligation: ingluvium (ING), stomach (proventriculus and gizzard) (ST), 
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upper duodenum (DP), lower duodenum (DD), jejunum (JEJ), upper ileum (PI), lower ileum 
(ID), ceca (CEC) and rectum (R). 
After the freezing the digestive segments were sectioned longitudinally and the 
digestive content was collected and the biological samples were processed separately. 
After the thawing the digestive content was analyzed for the dry matter. 
On the day of the killing samples of the individual excretion was also collected 
The combined fodder, the remaining of combined fodder, the excreta and the digestive 
content collected from the segments of the digestive tract were analysed chemically, and the 
content of dry matter and Cr were measured. 
The determination of the mean retention time (MRT) of dry matter in succesive 
segments of the gastrointestinal tract 
To calculate the MRT of the digesta in succesive segments of the gastrointestinal tract 
the method of continuous feeding with the marker and the total collection of the digesta from 
one segment was used (von Persson and Svensson, 1960, cit. by Van der Klis, 1990). 
This method is proper to determine the water and the electrolytes flow along the 
gastrointestinal tract but it is not used for the organic matter. The marker - chromium oxide 
(Cr2O3) - was added to the feed, in a proportion of 0.1% 
The calculation method presents the Cr content in percentage in the different segments 
of the gastrointestinal tract after the Cr intake of each individual (von Persson and Svensson, 
1960, cit. by Van der Klis, 1990). 
Assuming the marker steady state in the segments of the gastrointestinal tract, the 
MRT calculation is carried out with equation 1 
 
MRT= 1440 x (mg/day) intakeCr 
(mg)segment  digestive in thecontent Cr 
,                        [1] 
 
where: MRT = mean retention time  (minutes); 
1440 = minutes / 24 hours 
 
The steady state of the marker represents the condition in the gastrointestinal tract in 
which neither the milligrams of Cr nor its concentration (mg Cr/100g SU) in the various 
segments of the digestive tract depends on the time after feed intake. This supposes that the Cr 
intake is equal to the excretion throughout the day. 
After the withdrawal of the feed from the trough the steady state is disturbed because 
of: 
- the termination of the Cr intake, which will reduce the amount of Cr in the segments 
of the gastrointestinal tract; 
- the differences in the rates Cr and dry matter pass  in the digestive tract. 
The steady state keeps its validity as long as the MRT values for each time of sacrifice 
(Tn) do not decrease under the mean value of the MRTs calculated up to that moment (T1 to 
Tn) (van der Klis, 1990, van der Klis, 1993). 
 
RESULTS AND DISCUSSIONS 
 
Table 2 represents the MRT values in the segments of the gastrointestinal tract in 
laying hens, killed at T1 – T10. 
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Tab. 2 
The MRT values of the dry matter in the different segments of the gastrointestinal tract in laying hens, killed at 
T1 – T10  (minutes) 
Hen  Digestiv
e 
segment G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 
Average 
 (n=10) 
ING 105.4 
98.9
8 90,19 83.42 64,56 28.25 15.28 6.02 0.00 0.00 
49.25±43.
55 
ST 32.64 
13.5
2 58.99 46,88 42.14 72.98 81.87 38.33 5.08 10.15 
40.26±26.
08 
DP 2.77 3.75 2.89 2.61 3.65 2.46 2.25 2.29 1.94 1.20 2.58±0.76 
DD 0.76 4.18 3.78 3.49 3.77 4.15 3.38 3.20 1.58 0.65 2.89±1.36 
JEJ 61.08 
57.7
0 78.68 86.28 70.97 58.24 79.26 21.22 8.09 33.29 
55.48±26.
35 
IP 41.20 
38.1
9 46.26 42.27 35.75 36.47 34.23 19.29 8.22 14.01 
31.59±12.
99 
ID 32.79 
48.3
7 42.57 40.34 63.33 48.63 37.14 13.77 52.45 0.00 
37.94±18.
73 
R 16.64 
35.4
2 26.28 26.94 28.60 22.31 16.59 9.95 10.08 6.30 
19.91±9.5
2 
Average 
(n=8) 
293.72± 
34.41 
300.
11± 
32.3
8 
349.6
3± 
33.33 
332.2
3± 
32.59 
312.7
6± 
27.94 
273.4
8± 
26.03 
270.0
0± 
31.54 
114.05± 
12.18 
87.43
± 
16,46 
65.60
± 
11.02 
239,90±21
.15 
ING-ingluvies, ST- proventriculus + gizzard, DP- upper duodenum, DD- lower duodenum, 
 JEJ-jejunum, IP- upperl ileum, ID- lower ileum, C – ceca, R-rectum. 
 
Table 3 represents the MRT values in the segments of the gastrointestinal tract in 
laying hens, killed at T1 – T7. 
Tab. 3 
The MRT values of the dry matter, individual and mean, in the different segments of the gastrointestinal tract in 
laying hens, killed at T1 – T7. 
Hen  Digestive  
segment G1 G2 G3 G4 G5 G6 G7 
Average 
 (n=7) 
ING 105.84 98.98 90.19 83.42 64.56 28,25 15,28 69.50±35.30 
ST 32.64 13.52 58.99 46.88 42.14 72.98 81.87 49.86±23.55 
DP 2.77 3.75 2.89 2.61 3.65 2.46 2,25 2.91±0.58 
DD 0.76 4.18 3.78 3.49 3.77 4.15 3.38 3.36±1.18 
JEJ 61.08 57.70 78.68 86.28 70.97 58.24 79.26 70.31±11.52 
IP 41.20 38.19 46.26 42.27 35.75 36.47 34.23 39.20±4.25 
ID 32.79 48.37 42.57 40.34 63.33 48.63 37.14 44.74±9.99 
R 16.64 35.42 26.28 26.94 28.60 22.31 16.59 24.68±6.76 
Average 
293.72± 
34.41 
300.11± 
32.38 
349.63± 
33.33 
332.23± 
32.59 
312.76± 
27.94 
273.48± 
26.03 
270.00± 
31.54 
304.56±29.33 
 
ING-ingluvies, ST- proventriculus + gizzard, DP- upper duodenum, DD- lower duodenum, 
 JEJ-jejunum, IP- upperl ileum, ID- lower ileum, C – ceca, R-rectum. 
 
The analysis of the results shows that the value of the MRT for the time of killing T8 
represents 114.05±12.18 minutes; this value is lower than the average of the MRTs calculated 
for T1 – T7 (304.56±29.33 minutes). This revealed that the steady state is maintained until T7 
killing time, i.e. 2 hours and 45 minutes after the withdrawal of feed from the trough. The 
steady states keeps its validity as long as the MRT values for each killing time(Tn) do not 
decrease under the mean value of the MRT calculated up to that moment (T1 la Tn). 
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The steady state of the marker is not valid for the hens killed at T8 (3 hours and 45 
min.), T9 (5 hours and 45 min.) and T10 (7 hours and 45 min.). 
For the segments of the intestine the shortest MRT is registered in the duodenum: 
2.91±0.58 min in the upper duodenum and 3.36±1.18 min in the lower duodenum. 
Similar values were obtained for the MRT in the duodenum (DP + DD) in laying hens 
by Hurwitz and  Bar (1966) – 4 minutes and by Shires et al. (1987)- 7 minutes. 
The MRT calculated for the jejunum was 70.31±11.52 minutes, i.e. 38% of the total 
MRT in the intestine (185 minutes), a very important aspect, as the jejunum is the major site 
of the intestinal absorption processes. The values obtained for the MRT in the jejunum by 
Hurwiz and Bar were 78 minutes and 85 minutes respectively (Shires et al., 1987). 
The MRT values for the ileum were: 39.20 minutes in the upper ileum and 44.74 
minutes in the lowerl ileum; which represent 83.9 minutes in the ileum, a value similar to that 
calculated by Shires (1987) – 85 minutes, but smaller than that calculated by Hurwitz and  Bar 
(1966)– 120 minutes. 
The mean value of the  MRT in the small intestine was of 185 minutes. 
The MRT for the ceca was not calculated as only a fraction of the solid digesta passes 
from the ileum to the ceca and the chromium oxide (Cr2O3) is used as the marker of the solid 
phase (Vergara et al, 1989). 
In the rectum the MRT represented 24.68 minutes, smaller than that calculated by 
Shires of 56 minutes in the laying hens. 
The statistical processing of the data by the one way ANOVA method showed that 
between the MRTs from T1 to T7 there are no significant differences (p>0.05), but there are 
significant differences between the mean value of the MRT for T1 to T7 and the MRT value 
for T8 (p=0.000). 
The data from the specialized literature concerning the MRT in the different segments 
of the gastrointestinal tract varies, depending on the method of estimation, on the feed 
consumption, on the age and on the type of production of the hens used in the experiment 
(Shires et al., 1987). 
 
CONCLUSIONS 
 
The values of the MRT of the dry matter in the segments of the gastrointestinal tract in hens 
were: 
-2.91±0.58 minutes in the upper duodenum and 3.36±1.18 minutes in the lower 
duodenum  
-70.31±11.52 minutes in the jejunum, representing 38% of the TMR in the segments 
of the small intestine  
-39.20 minutes in the upper ileum and 44.74 minutes in the lower ileum, i.e. 83.9 
minutes 
-24.68 minutes in the rectum 
 
The mean value of the MRT in the small intestine was of 185 minutes. Between the T1-T7 
MRT there are no significant differences (p>0.05), but there are significant differences 
between the mean value of the MRT for T1 to T7 and the MRT value for the T8 (p=0.000). 
The MRT value for T8 is 114.05±12.18 minutes , a smaller value than the mean value of the 
MRT calculated for T1 – T7 (304.56±29.33 minutes).The steady state of the marker is 
maintained until the T7, i.e. 2 hours and 45 minutes from the withdrawal o
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trough. The steady state of the marker is not valid after 3 hours and 45 min from the 
withdrawal of the feed from the trough. 
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